Purpose: The impact of physical fitness (PF) on adolescents' health-related quality of life (HRQOL) is an important health issue in China. The purpose of this study was to identify whether body mass index (BMI), cardiorespiratory fitness (CRF), and musculoskeletal fitness (MSF) influences HRQOL among Chinese adolescents. Method: The participants were 10,007 students (boys = 5276, 14.14 years ± 1.79; girls = 4829, 14.22 years ± 1.81) who were randomly selected from 30 secondary schools in Shandong, China. BMI, CRF, MSF, and HRQOL were measured and analyzed using ANCOVA and multiple regression. Results: BMI and physical fitness variables were partially associated with HRQOL in Chinese adolescents. ANCOVA showed a significant difference among BMI categories in terms of physical sense (PS), living convenience, and self-satisfaction (SS) for boys, but this difference was only seen with social activity opportunity (SAO) for girls. Multiple regression found that BMI was significantly associated with SAO. For boys, CRF was associated with the teacher and student relationship and SS, whereas MSF was only associated with PS. For girls, CRF was significantly linked with the parent and children relationship, learning capacity, and attitudes and self-perception (S-P), while MSF was associated with S-P. Conclusion: Enforcing physical activity and enhancing PF will be a crucial pathway in improving adolescents' HRQOL in China.
Introduction
The high prevalence of overweightness and obesity among children and adolescents has been a large public health concern for the past three decades in China. A national survey on Students' Physical Fitness and Health in 2010 reported that the obesity rate of urban boys, urban girls, countryside boys, and countryside girls (7-22 years) were 13.33%, 5.64%, 7.83%, and 3.78% respectively. The overweight rate of urban boys, urban girls, countryside boys, and countryside girls (7-22 years) were 14.81%, 9.92%, 10.79%, and 8.03%, respectively, which have increased by 1.94%, 0.63%, 2.76%, and 1.15%, respectively, since 2005 [1] . The Nutrition and Chronic Disease Status of Chinese Residents (2015) also revealed that 9.6% of the population is obese and 6.4% can be classified as overweight among 6-17 year-old Chinese children and adolescents, increasing by 5.1% and 4.3%, respectively, since 2002 [2] . Relative to developed countries, China's prevalence of overweightness and obesity is relatively low, but this nevertheless has progressively increased over the past decades.
Materials and Methods

Study Setting and Participants
Using cross-sectional research design, the present study was conducted during the 2016 to 2017 academic year in Shandong Province, China. The province comprises [25] 17 regions with different geographical and demographic characteristics. The participants were recruited from 30 secondary schools (20 middle schools and 10 high schools) in 10 regions. In each region, one urban middle school, one rural middle school, and one urban high school were randomly selected with the purpose of ensuring geographical and cultural diversity. Schools with an enrollment below 300 students were excluded in this study. Initial participants consisted of 10,680 students (aged 12-18 years). Prior to data analysis, 673 students were excluded due to the absence on one of the physical fitness tests. The final participants were 10,007 students, including 5210 boys (52.1%; 14.14 ± 1.79 years) and 4797 girls (47.9%; 14.22 ± 1.81 years). The research was approved by the ethical committees of Shandong University, China.
Procedure
There were 10 superintendents in each region who supervised the evaluators in the schools. A total of 60 evaluators were recruited from middle and high school physical education teachers who had experiences in the National Student Fitness Test Program and adolescent physical fitness evaluation. All evaluators were trained with a testing manual illustrating all the test guidelines, procedures and protocols. In addition, to standardize and homogenize the method of assessment and quality control, all evaluators completed two seminars in order to enhance intra-and inter-tester reliability. All evaluators organized students to measure physical fitness and guided students to answer online questionnaires. Six graduate students operated computers to collect online survey data from each school.
Evaluators administered all tests following standard operating procedures. The participants completed a standardized form, which included socio-demographic data such as region, school, age, gender, date of birth, grade, and ethnicity.
Measures
BMI: Weights and heights of barefooted students in light clothing were measured with a digital electronic weighing scale (HW-VB900, lEJIA, China) and recorded to the nearest 0.1 kilogram. BMI was computed by utilizing weight divided by the square of students' height (BMI = weight (kg)/height (m) 2 ). Participants were categorized into obese, overweight, normal weight, and underweight based on the international BMI cutoff values.
Physical fitness: Physical fitness was assessed employing National Students' Physical Fitness and Health 2014 (NSPFH 2014) [34] , which contained five tests that gauged different components of fitness: BMI, sit and reach (flexibility), standing-long jump (explosive strength), sit-ups for girls (abdominal strength and endurance), pull ups for boys (upper body strength and endurance), and a 1000 m run for boys or 800 m run for girls (cardiorespiratory endurance). These test items are reliable and valid instruments for measuring adolescents' physical fitness in China.
CRF was assessed by a 1000 m/boy and girl 800m/girl run held during physical education classes in ] middle and high schools. The 1000 and 800 m runs were measured once to evaluate students' CRF. Students were required to maintain a steady pace and complete the task as quickly as possible. Safety and quality control during the measurements were highlighted. Participant performances in the CRF test were classified into one of four levels in terms of NSPFH 2014 in China. The participants with extreme CRF performances were classified either as performing poorly (i.e., a score of less than 60) or performing very well (i.e., a score of more than 90).
The main health-related MSF components are maximal strength (isometric and dynamic), explosive strength, endurance strength, and isokinetic strength. MSF was assessed by a standing-long jump test and pull ups/sit ups. In this study, we only employed the standing long jump test because many schools did not report the data of the pull up test. The standing broad jump test has been widely utilized for assessing explosive strength.
Health-related quality of life: HRQOL was measured using the Quality of Life Scale for Children and Adolescents (QLSCA), [35] a self-reported, generic measure of HRQOL validated for children and adolescents aged 7-18 years old. The QLSCA measures HRQOL in 13 dimensions: teacher and student relationship, student partnership, parent and children relationship, learning capability and attitude, self-perception, physical sense, negative moods and emotions, homework attitude, life convenience, social activities, sport capacity, self-satisfaction and others. The QLSCA items employed a five-point Likert-type scale to assess either frequency or intensity. The recall period was two weeks. Scores for each dimension were calculated and higher scores indicated better HRQOL. The Chinese version of the QLSCA has been found to have acceptable levels of reliability and validity [35] .
Statistical Analyses
Descriptive statistics for gender, BMI, and CRF and MSF were calculated to characterize participants. The grade level for each student was coded as middle school (grades 6-8) or high school (grades 9-12). Both CRF and MSF were categorized using a score (poor = <60, fair = 60-74, good = 75-89, and excellent = ≥90). The correlation analyses were performed to verify the potential linear associations among demographic characteristics, fitness, BMI, and quality of life. Analysis of covariance (ANCOVA) was performed with co-variable age to analyze differences of the QLSCA dimensions among categories of CRF, MSF, and BMI by gender. Multiple linear regression models were estimated to determine associations between physical fitness, BMI, and quality of life, with QLSCA dimensions as independent variables and age, gender, CRF and MFI, and BMI as dependent variables. Lastly, models with BMI, CRF, and MFI were employed to analyze the independent effect of each variable. All values were expressed as the mean ± standard deviation (M ± SD) or frequency analysis numbers (percentage). The significance level was set at p ≤ 0.05. All analyses were performed using SPSS 23.0 (IBM Corp., Armonk, NY, USA).
Results
The descriptive statistics for gender groups are presented in Table 1 . There was a higher percentage of overweightness or obesity in boys (19.4%) than in girls (18.9%). The mean CRF and MSF was 4.27 ± 0.89 and 4.22 ± 0.89, respectively, for the boys and 18.29 ± 34.19 and 186.40 ± 33.30, respectively, for the girls. Most of the items for each of the dimensions of QLSCA are similar between genders, except for self perception, social activity opportunity, sport capacity, and mean score, which are higher among boys. To examine the differences of QLSCA values amongst the different BMI, CRF, and MSF categories, ANCOVA was performed to verify whether QLSCA was worse in students with overweight/obesity and better in students with higher levels of physical fitness (Table 2) . However, only several dimensions showed significant differences in this test. In boys, significant differences among BMI categories were found in physical sense (F (3,5204) = 3.542, p = 0.014, η 2 = 0.002), living convenience (F (3,5204) = 4.462, p = 0.005, η 2 = 0.003), and self-satisfaction (F(3,5204) = 3.498, p = 0.015, η 2 = 0.002). In girls, significant differences in BMI were observed with different teacher and student relationships and social activity opportunities in this study. The parent and children relationship in boys (F(3,5204) = 2.310, p = 0.042, η 2 = 0.002) and girls (F(3,5204) = 1.786, p = 0.013, η 2 = 0.008) are significantly different among levels of CRF. In boys, several dimensions showed significant differences in terms of MSF level, teacher and student relationship (F(3,5204) = 4.384, p = 0.002, η 2 = 0.003), student partnership (F(3,5204) = 3.117 p = 0.014, η 2 = 0.002), parent and children relationship (F(3,5204) = 4.195, p = 0.002, η 2 = 0.003), physical sense (F(3,5204) = 2.805, p = 0.024, η 2 = 0.002), and negative moods and emotions (F(3,5204) = 2.435, p = 0.045, η 2 = 0.002). The exception is student partnership (F(3,5204) = 4.019, p = 0.003, η 2 = 0.003) in girls. BMI, CRF, and MSF were utilized as predictors of health-related quality of life (Table 3) . The multiple regression model (1) controlling for age showed that BMI was significantly associated with social activity opportunities in boys (β = −0.040, p = 0.019) and girls (β = −0.059, p = 0.000). In boys, CRF was significantly associated with the teacher and student relationship (β = −0.080, p = 0.000) and self-satisfaction (β = 0.064, p = 0.002), but MSF was only associated with physical sense (β = −0.080, p = 0.000). In girls, CRF was significantly linked with negative moods and emotions, physical sense, and the parent and children relationship, whereas MSF was linked with social activity opportunities and self-perception. The multiple regression model (2) demonstrated that the results with BMI are the same as those of the model (1) variables. In girls, CRF was significantly associated with self-perception, learning capacity and attitudes, and homework attitude, except for model (1) variables. MSF is associated with the teacher and student relationship in boys (β = −0.034, p = 0.013) and student partnership (β = −0.042, p = 0.016) in girls, except for model (1) variables. 
Discussion
The purpose of the present study is to examine the impact of overweightness/obesity and physical fitness on the health-related quality of life in Chinese adolescents. A secondary purpose was to assess whether Chinese adolescents' BMI, CRF, and MSF can predict their HRQOL. The results suggested that BMI and CRF were associated with Chinese adolescents' HRQOL, which is in line with the hypothesis of this study. Results also indicated that the level of the HRQOL was generally low, and a lower level of HRQOL was found in overweight and obese individuals. Most of the dimensions of QLSCA showed no statistically significant differences in this study.
From overweightness and obesity perspectives, previous studies presented evidence that overweightness/obesity were negatively associated with several aspects of adults' HRQOL [36] and, thus, could impact the RQOL of children and adolescents, mainly in social, emotional, school, and physical dimensions of HRQOL [10, 37, 38] . In accordance with those findings, our study suggested that there were significant differences in terms of physical sense, living convenience, and self-satisfaction among boys with different weight status categories. In girls, there were significant differences in teacher and student relationships and social activity opportunities, however, no other dimensions of HRQOL were influenced significantly by BMI categories. A multiple regression analysis was employed to further analyze the impact of BMI on quality of life. The results showed that weight status significantly influenced social activity opportunity in both boys and girls.
The results are also partially consistent with those of a European KIDSCREEN research [39] . However, some studies did not find the effect of body weight on HRQOL. For instance, Kruger et al reported that their study did not reveal a significant relationship between BMI and QOL [40] . A higher BMI level was not associated with quality of life, but body weight increased with declining physical fitness and health conditions [41] . BMI and body fat were significantly associated with sports practice and good quality of sleep [42] . The results from different studies may illustrate that comparisons were different between BMI categories because overweightness and obesity were combined into a single category. Furthermore, it is possible these results were affected by differences in sample size, gender, age, and the range of BMI used.
No studies so far have utilized QLSCA to evaluate the association between CRF and HRQOL in large population-based samples of adolescents in China. Our study revealed that CRF is associated with the dimensions of the teacher and student relationship and self-satisfaction in boys; the CRF in girls was associated with the dimensions of the parent and children relationship, learning capacity and attitudes, and self-perception. These findings support our beliefs that teacher and parent support and concern are essential components that could affect adolescents' HRQOL. These results differed with previous studies, but it is reasonable to suggest that teacher and parent support can significantly influence participation in school-based physical activity. In China, high school teachers and parents do not encourage students to participate in physical activities because they believe that physical activity participation will sacrifice time for study thus affect academic performance. Meanwhile, most secondary school teachers do not pay attention to physical activity but emphasize students' academic performance due to the school requirements on academic achievement and competitiveness amongst schools [43, 44] , even though there are studies that show that higher levels of physical fitness are beneficial to academic performance [45, 46] . These may be plausible explanations as to why learning capacity and attitudes are more closely associated with HRQOL in girls.
It has been documented that CRF was positively associated with both physical well-being and emotional components of HRQOL in adults [47, 48] . Improvements in CRF can lead to positive change on the mental health of children and adolescents [29] . Morales et al. [49] reported CRF is associated with physical well-being and social support and peers among boys and is associated physical well-being, self-perception, and social acceptance in girls. A positive association existed between CRF and waist-to-height, resting heart rate, and moderate to vigorous physical activity MVPA [50] . In this study, our results are partially consistent with social support in boys and self-perception in girls. However, a few researchers examined the associations between CRF and HRQOL, which warrants further study in this area.
Some studies found that MSF was associated with social acceptance and social support [44] and could promote the general health, psychological, and physical components of HRQOL [41] . The present study revealed that the association between the MSF and HRQOL were particularly strong for the physical sense and teacher and student relationship in boys, as well as student partnership and self perception in girls. This result is partially consistent with the findings of previous studies that observed associations between MSF and physical HRQOL dimensions, but has not observed associations between MSF and mental health dimensions [26, 48] . This result demonstrated that MSF has a slight impact on the HRQOL of girls and boys. However, the present study exposed gender differences in HRQOL dimensions that are linked with MSF because it is probably more important for girls in psychological and emotional dimensions [17] . Gender differences in the impact of MSF on HRQOL could be attributed to differences in needs of explosive and endurance strength, which require exercises and sports in which adolescents participate in all the dimensions.
This study examined the associations between BMI, CRF, and MSF, and HRQOL. In boys-with BMI, CRF, and MSF in the model, while controlling for age-the association of CRF or overweightness with the HRQOL was stronger than that of MSF. CRF was more closely associated with HRQOL than BMI and MSF in girls. The results showed that, in girls, CRF has a significant impact on physical sense, negative moods, and emotion and self-perception. This study supported previous findings that low levels of physical fitness in children and adolescents results in reduced self-esteem [45, 46] , increased depression [51, 52] and anxiousness [53, 54] , and lower HRQOL for the bullying dimension [39] . Sloan and Sawada (2009) verified the associations between CRF and HRQOL in young males and found a positive relationship between fitness levels and mental and physical components of HRQOL. One study analyzed the relationship of overweightness/obesity, CRF, and MSF on HRQOL in older people. It found that physical fitness affected physical health HRQOL subscales [26] .
Our study found that both boys' and girls' BMIs were significantly associated with social activity component of HRQOL, which illustrated that overweightness and obesity may hamper their social activity and further affect education, learning, and working opportunities in China. CRF and MSF are crucial parts of HRQOL, however, we believe that learning capacity and achievement are more important components affecting student HRQOL than physical fitness levels in China.
This study has several strengths. First, it is the seminal study using the QLSCA that assessed the influences of PF and BMI on Chinese adolescents' HRQOL, exploring important but relatively unexplored Chinese adolescent HRQOL issues. Second, this study was established on a well-verified instrument, thus contributing to the reliability and validity of this approach in the context of physical fitness and QLSCA for Chinese students. Third, this study employed a random, large, and population-based sample of 80 public schools to elucidate the influences of BMI and physical fitness indictors associated with HRQOL among Chinese adolescents. Random large sampling allows us to better determine mean values and outliers, provide required precision, and avoid errors in this study. Finally, this study is a combination of self-reports and objective measures that involves various domains of CRF, MSF, and QLSCA.
This study has some limitations that may influence the generalizability of its outcome. First, this study utilized a cross-sectional design that prevents us from making causal inference. Future longitudinal research is needed to better understand how BMI and physical fitness affects HRQOL over time. Second, generalizations could be limited based on our outcome because of the use of the QLSCA in this study, which is deficient in accounting for chronic illness or comorbidities that are significantly associated with both overweightness/obesity, physical fitness, and HRQOL. Finally, it is noticed that epigenetic influences on both overweightness/obesity and physical fitness cannot be controlled in this study.
Conclusions
This study provides an initial approach using the Chinese version of QLSCA to examine the influences of physical fitness and BMI on Chinese adolescents' HRQOL. The findings of this study showed that overweightness and obesity significantly influence social activities and self-perception dimensions of HRQOL, but CRF and MSF are significantly associated with some dimensions of HRQOL. This study partially supports previous research using the European HRQOL. The importance of physical fitness was still supported by our findings that most of the students with good and excellent levels of physical fitness had a higher level of HRQOL. Our results suggest that exercise programs need to be well-designed by school administration in terms of educational systems, supervising overweightness and obesity, enforcing physical activity, and enhancing levels of physical fitness, which could be effective in improving adolescents' HRQOL in China. 
